Length change of the NW Transient morphological changes of the Au/GaAs NWs were imaged in the single-pulse mode. The lengths of the GaAs NW (without the top bead) before and after laser pulse excitation are marked by white rulers (Fig. S2) . In order to enhance the contrast between the top bead and the GaAs NW, and to make a comparison of the NW at different excitation stages, two reference images were taken with exposure to 100 electron pulses. One was before the arrival of a laser pulse while the other one was after the whole process ended (immediately after an incoming laser pulse an intermediate state at each delay time was captured. Then the shutter of the pump laser was closed, and we took the final reference image.
This final image meant the one after the process ended). By such a way, the length of the GaAs NW at Width change of the NW Fig. S3 shows a comparison between two TEM images of a NW. These two images correspond to the initial and final state of the NW, respectively. Because GaAs NW was incorporated into the top Au bead that enabled the eutectic reactions, the top bead became bigger than the initial one. However, it is noteworthy that the width of the NW body shows no obvious change. Volume change of the NW The volume change of the NW was estimated according to the schematics shown in Fig. S4 . GaAs has a hexagonal shape in cross-sectional geometry (1) while the initial Au bead shows a segment shape of a sphere. The initial volume 0 of the Au/GaAs is,
where and are the length and cross-sectional area of GaAs, is the initial radius of the Au bead and is the height from the center point to the bottom of the sphere segment. Based on the hexagonal geometry, equals to
The volume reduction of the GaAs NW as a result of the length shrinkage ∆ becomes,
The volume increase of the top bead with a final radius of ′ is given by,
Fig. S4. Schematic diagram of the NW and the bead used for estimation of the volume changes. GaAs has a hexagonal cross-section with an area of S. The length change ∆ of GaAs was measured by the difference between the initial length and the one after a laser shot. The initial Au bead shows a segment of a sphere with a diameter and height of 2 and ( + ), respectively. The top bead after laser excitation is assumed to be a sphere with a diameter of 2 ′ .
Therefore, the total volume change of the Au/GaAs is written as,
Substituting the parameters , ∆ , , ′ , , and measured from the TEM images into equations (1)- (4), the volume changes of the bead and the NW are plotted in Fig. 3 of the main text.
Newly formed alloy phases after laser excitation
We applied electron diffraction to examine the newly formed alloy phases. Fig. S5 show the electron microscopy (EM) micrograph and diffraction patterns of a NW took at different modes. A region marked by a circle in Fig. S5A was used for performing the electron diffraction patterns ( These images were taken under the off-axis conditions so that the diffraction intensities from the newly formed phases were enhanced. In the initial state (Fig. S6A) , the diffraction spots were from GaAs, similar to that shown in Fig. 2 of the main text. After the first three laser pulses, however, additional diffraction spots were seen (Fig. S6B ). These spots were from Au 7 Ga 2 {112 � 4} (Au 7 Ga 2 -L, lowtemperature phase) and AuGa {200}, respectively. The lattice constants used for the identification of these phases are listed in Table S1 . In the final state (Fig. S6C) , namely, as more GaAs component was incorporated into the top bead, new phases from AuGa 2 {111} and Ga {131} were detected besides the AuGa phase. Compared to the patterns in Fig. 2 of the main text, the diffraction spots from cubic zincblende (ZB) segments also appeared after laser excitation (indicated by the arrows). For the As element, the As species may vaporize or be removed from the interface during the laser heating (6, 7). From the diffraction analysis the newly formed phases in the top bead are identified as Au-Ga alloys. Fig. S7 presents the Au-Ga binary phase diagram (8) . The melting points of Au and GaAs are lower than the melting point of any pure component. For example, to obtain the phases of Au 7 Ga 2 (lowtemperature phase, Au 7 Ga 2 -LT) and AuGa, the temperatures are ~555 and 620 K, respectively. On the other hand, the temperature needed for the eutectic reaction of liquid → AuGa + AuGa 2 is about 725 K. 
Modeling of laser heating of gold and GaAs
Laser heating of a GaAs NW with a Au tip and the induced eutectic phase reaction can be modeled using the following theoretical approach. First, we consider laser heating of Au nanoparticle alone using the conventional two-temperature model (TTM) which deals with temporal and spatial temperature changes for both electron and phonon subsystems. Then, we treat laser heating of a GaAs NW using a three-temperature model (3TM) to deal with the temporal and spatial evolution of charged carrier density, carrier temperature, optical phonon temperature and acoustic phonon temperature. Because the optical reflectivity could be influenced by the nanoparticle size (Fig. S8 ), in our simulations for a given bead size we have incorporated empirical size-dependent reflectivity reported in literature (9) (10) (11) (12) (13) (14) (15) . To calculate the lattice temperature for the bead with a mixture of Au and alloy, the following approach was used. We first calculated the lattice temperature for a bead of Au (assuming 100% Au) and also a bead of GaAs (100% GaAs), and then we estimated the effective lattice temperature based on their composition percentage within the bead. This approximation is a necessary step in the simulation because the actual optical and thermal parameters used in TTM and 3TM modeling for a composite nanoparticle have not been known in literature. According to the TTM with a laser beam along the z-axis, the evolution of the electron temperature ( , ) and the lattice temperature ( , ) follows (16) (17) (18) ,
where is the specific heat for phonons, and ( , ) is the incident laser pulse profile. At a low laser excitation fluence, one usually assumes that the electron/phonon coupling is a constant, the specific heat for electrons has linear dependence on electron temperature, and the electronic thermal conductivity is approximated by / . Such approximations have shown to be inaccurate for electron temperature beyond 3000 K. Here we use the following improved formulae for their temperature dependence, = 4.26×10 13 1.20×10 7 2 +1.23×10 11 (6) and Padé approximation for the electron/phonon and , respectively, = 1.0 × 10 For laser heating of a GaAs NW with an incident intensity profile ( , ), we employed threetemperature model (3TM) that describes time evolution of four subsystems, namely, the charge carrier density ( , ), and three subsystem temperatures such as carrier temperature, optical and acoustic phonon temperatures. Defining the internal energy for the charge carriers ( , ), and the internal energy for the longitudinal optical (LO) phonons ( , ) and the longitudinal acoustic (LA) phonons ( , ), one has (19-21),
where the internal energies for the carriers, the LO phonons and the acoustic phonons are given by,
The relevant physical parameters for the 3TM, their nomenclature and their dependence on temperature and carrier density are given in Table S2 . Table S2 . The parameters of GaAs used in the three-temperature model.
Physical Property Value Reference
Heat capacity of carriers
Heat capacity of LO phonons Following the similar approach, a lattice temperature of 574 K for the GaAs NW was obtained. The calculated lattice temperatures of the top bead were 507 and 567 K when 100% gold and 100% GaAs were assumed, respectively. Using the similar procedures outlined above, we extracted the specific heat for the Au 7 Ga 2 alloy to be 60 J/mol.K, which is close to the value obtained from the 2 nd pulse laser heating.
2. Laser fluence at 7 mJ/cm 2 After three laser pulses at 5.5 mJ/cm 2 , the NW length was shortened by 25, 3 and 1 nm sequentially, and the bead stopped to grow. To continue the reaction dynamics, the laser fluence was increased to 7 mJ/cm 2 . Using the similar simulation approach and the experimental observation of a further 10 nm length reduction of the NW, we obtained the lattice temperatures of 658 K for the GaAs NW, 587 K for a 100% gold bead and 649 K for a 100% GaAs bead, and the overall effective temperature was above the temperature of ~620 K needed for AuGa phase. The absorbed energies from the volume reduction of the NW and from the bead with a mixed composition are 4.8×10 -14 J and 5.3×10 -14 J, respectively. To calculate the latent heat of AuGa, one needs to deduct the latent heat of Au 7 Ga 2 phase and also the energy needed to raise the alloy from room temperature to 620 K for AuGa.
These two parts of heat to be subtracted from the overall absorbed laser heat is 2.3×10 -14 J. Using the density of 1.28×10 4 kg/m 3 for AuGa (34), its latent heat was estimated to be about 21 kJ/mol.
